Introduction
============

Acromioclavicular (AC) joint dislocations account for 9% of shoulder girdle injuries, with a higher incidence in athletes.[@b1-tcrm-12-047] AC joint dislocations are mainly caused by direct trauma, for example, a blow to the lateral shoulder pushing the acromion away from the distal clavicle.[@b2-tcrm-12-047] The AC ligament is affected first, and the effect is cascaded to the coracoclavicular (CC) ligament, and finally to the deltoid and trapezius fascia, with increasing severity.[@b3-tcrm-12-047] Therefore, treatment for AC joint dislocation is focused on reconstructing AC and CC ligaments.

There is no established standard of care for AC joint dislocations, although many surgical techniques have been reported. The hook plate was commonly applied in the treatment of acute AC joint dislocation with successful results.[@b4-tcrm-12-047]--[@b7-tcrm-12-047] However, persistent pain, infection, delayed wound healing, arthritis, acromial impingement, and clavicle erosion and redislocation were reported in treated patients.[@b7-tcrm-12-047]--[@b9-tcrm-12-047] As graft alone is not sufficient to prevent translation at the joint, generally a supplemental fixation is required.[@b10-tcrm-12-047] Therefore, endobutton was applied to avoid redislocation and complications.

This study presents a surgical technique using autogenous semitendinosus graft and endobutton to treat Rockwood type III AC joint dislocation. The purpose of the study was to evaluate the short-term results of the technique and compare it with the hook plate in the treatment of Rockwood type III AC joint dislocation.

Materials and methods
=====================

This was a prospective, randomized, double-blind study in a hospital setting. Patients visiting the hospital from April 2012 to April 2013 with acute type III complete AC joint dislocation were considered for inclusion in the study. Diagnosis was based on the clinical and radiological results of the patients. The study was conducted after obtaining approval from the relevant Institutional Review Board. The present study was also approved by the ethics committee of the People's Hospital of Huangpi District. Written informed consent was obtained from all patients before they entered the study.

The inclusion criteria were as follows: 1) acute type III AC joint dislocation and 2) clinical and radiological follow-up for a minimum period of 6 months. Exclusion criteria were as follows: 1) previous shoulder joint pathology on the dislocated shoulder and 2) chronic AC dislocations or other acute AC dislocations.

The patients were divided into two groups. Group A received hook plate treatment and Group B received autogenous semitendinosus graft and endobutton treatment. Randomization was performed by an independent researcher using computer-generated numbers. All investigators, research staff, and participants were blinded to the treatment allocation.

Surgical technique
------------------

In Group A, the patients underwent surgery in a beach-chair position under general anesthesia. The surgical technique was performed according to the method adopted by Wolter and Eggers.[@b11-tcrm-12-047] Removal of the hook plate was scheduled after 12 weeks.

Patient positioning in Group B were identical to the hook plate group. CC ligament was reconstructed according to the method of Struhl.[@b12-tcrm-12-047] The semitendinosus tendon harvesting was performed before AC joint exposure using a tendon stripper. The semitendinosus tendon graft was weaved and sutured with No 2 Ethibond suture (Ethicon Inc., Somerville, NJ, USA). Two drill holes were made with the diameter matching the graft from the 2.0 cm medial portion in the distal clavicle and on the coracoid. The prepared semitendinosus tendon was passed through two holes and sutured on the coracoid. Another drill hole was made from the 4.0 cm medial portion in the distal clavicle using a 2.5 mm drill bit. The double endobutton fixed by No 5 Ethibond sutures (Ethicon Inc.) was introduced through the third hole and the coracoid hole.

According to the postoperative protocol, the shoulder was immobilized using an abduction sling for 2 weeks. Active motion of the elbow, wrist, and hand was recommended. Passive shoulder motion was encouraged after 4 weeks postoperatively. In the follow-up period, patients were interviewed for any complaint, general physical examination was performed, and radiographs were taken. The function of the repaired joint was evaluated using the Constant--Murley scale at the last follow-up.

Functional outcomes
-------------------

According to the Constant--Murley score,[@b13-tcrm-12-047] four variables were used to assess the function of the shoulder. The two subjective variables included pain and limitation of activities of daily living, and the two objective variables included range of motion and strength of the shoulder. The subjective part of the test was self-completed by the patient. The absence of pain was allocated a maximum score of 15; no limitation of activities of daily living like sleep, work, recreation, or sport, was allocated a maximum score of 20. Range of motion (maximum 40 points) and strength (maximum 25 points) were measured.

Radiographic outcomes
---------------------

Radiographs of the AC joint were obtained every 2 months postoperatively. The radiographic studies were examined for signs of loss of reduction, or other complications such as fracture or distal clavicular osteolysis. The maintenance of AC joint reduction was defined as follows: 1) maintained reduction, no side-to-side difference on anteroposterior (AP) radiographs; 2) partial loss of reduction, a side-to-side difference of less than the width of the clavicle; and 3) complete loss of reduction, a side-to-side difference in excess of the clavicle width.[@b14-tcrm-12-047]

Statistical analysis
--------------------

Categorical and continuous variables were described (ratios, means, and standard deviations). The statistical analyses of differences in continuous variables between the two groups were tested with unpaired Student's *t*-test and differences in categorical variables with *χ*^2^ test. Nonparametric tests of K-independent samples were performed on the equality of the medians for the continuous variables without normal distribution. All analyses were performed with SPSS version 21.0 (SPSS, Chicago, IL, USA). Differences were considered significant at *P*\<0.05.

Results
=======

Forty-six patients (30 men, 16 women) were included in the study. [Table 1](#t1-tcrm-12-047){ref-type="table"} shows the baseline characteristics of the patients. The mean age of the participants was 33.4 years (range 30--46 years) at enrollment. The treatment groups were well balanced in terms of baseline characteristics.

Clinical outcomes
-----------------

Clinical evaluation was performed using the Constant--Murley score[@b13-tcrm-12-047] at the final follow-up. The patients acquired an average of 90.3 points (maximum 100 points) in Group B, better than 80.4 points in Group A in the Constant--Murley score (*P*\<0.05). [Table 2](#t2-tcrm-12-047){ref-type="table"} shows that patients treated with the autogenous semitendinosus graft and endobutton technique showed higher constant scores than the hook plate-treated patients with regard to pain (*P*=0.002), activities (*P*=0.02), range of motion (*P*\<0.001), and strength (*P*=0.004). During the follow-up period, moderate pain was reported by two (8.7%) hook plate-treated patients and mild pain was reported by eight (34.8%) hook plate-treated patients. Mild pain was reported by one (4.3%) patient treated with autogenous semitendinosus graft and endobutton technique.

Radiographic finding
--------------------

On final follow-up, all the patients of Group A maintained complete reduction in the AP plane, except 2 (8.7%) who experienced partial reduction loss. None of the patients experienced complete loss of reduction. There were 2 (8.7%) patients in Group A with acromial osteolysis on the latest radiographs, which included a 38-year-old woman and a 45-year-old man ([Figure 1A and B](#f1-tcrm-12-047){ref-type="fig"}). Their constant scores were 59 and 55, respectively. Moderate shoulder pain and limited range of motion were reported by both of them. There were no infections or fractures in patients who were included in the study. However, all patients in Group B maintained complete reduction (data not shown).

Discussion
==========

AC joint is an articulation of the lateral clavicle and the acromion. As an amphiarthrodial joint, it plays an important role in maintaining the strength and movement of the whole upper limb. Garretson and Williams[@b2-tcrm-12-047] classified the degree of displacement in AC joint dislocations into six types based on the severity of involvement of AC and CC ligaments. The initial treatment of an acute type III dislocation of AC joint remains controversial.[@b6-tcrm-12-047],[@b15-tcrm-12-047]--[@b17-tcrm-12-047] Though the surgical treatments have improved in recent years, a high incidence of complications has also been reported in some studies, and thereby failing to establish a gold standard. However, in our clinical study, we found that the surgical treatment always receives the better effects compared to the conservative treatment, according to our 5 years of follow-up. Therefore, we explored the therapeutic effects of surgical treatment over the conservative treatment.

In this study, we evaluated the effect of surgery using autogenous semitendinosus graft and endobutton technique for the treatment of Rockwood type III AC joint dislocation. The previous studies and our clinical practice have been indicated that neither the autogenous semitendinosus graft technique nor the endobutton technique can therapy the Rockwood type III AC joint dislocation efficiently.[@b6-tcrm-12-047],[@b18-tcrm-12-047]--[@b22-tcrm-12-047] Therefore, in this study, we added the semitendinosus graft to the endobutton technique. Furthermore, we also observed several types of dislocations in clinical, however, therapy of the type III dislocation with the best outcomes. Therefore, we selected the type III dislocation as the study type.

Higher mean constant score was obtained in patients treated using this technique (90.3 points) compared with hook plate-treated patients (80.4 points). Radiographic findings showed that all patients in Group B achieved reconstruction in the AP plane anatomically, while 8.7% (2 of 23) patients in Group A experienced partial reduction loss. Moreover, two cases (8.7%) of acromial osteolysis with moderate shoulder pain and limited range of motion were observed in Group A. Gstettner et al[@b6-tcrm-12-047] reported a high possibility of subluxation in 24.7% of patients using a modified endobutton technique compared with our study. This may be probably because of the fact that autogenous semitendinosus graft was applied together with endobutton.

Martetschlager et al[@b18-tcrm-12-047] reported four cases of graft ruptures in 46 shoulders using the tendon graft technique. The four graft ruptures encountered were associated with the insufficient strength of the graft. Mazzocca et al[@b19-tcrm-12-047] suggested that autograft is not sufficient to prevent anterior--posterior translation at the joint. Therefore, modifications to augment the autograft with a fixation material around the base of the coracoid process were essential to prevent graft ruptures.

In another study using a double-button and fixation technique, Milewski et al[@b20-tcrm-12-047] reported ten cases involving shuttling the graft through an additional tunnel in the coracoid base. In addition to the chronic dislocations included in the series, a higher rate of coracoid fractures associated with coracoid tunnel techniques indicated that modifications, including the location and diameter of drill holes, should be considered to prevent fractures. In our study, the diameter of the hole matched with the graft to avoid the fractures.

Currently, endobutton and hook plate are widely used. The mobile side of the hook plate underneath the acromion may cause symptoms of persistent pain and restriction in movement by acromial erosion and damaging the supraspinatus tendon.[@b9-tcrm-12-047],[@b21-tcrm-12-047] Long-term retention of the plate may lead to acromial osteolysis or fracture, which implies that a second surgery is required to remove the plate after 12 weeks when the ligaments are healed. Kienast et al[@b7-tcrm-12-047] achieved successful results using the hook plate in 313 patients of Rockwood type III--V AC joint dislocation, while all patients reported pain or discomfort with the hook plate. After removal of the hook plate, a high incidence of complications of superficial soft tissue infections and fracture of the acromion and redis-locations were reported.

Endobutton is an appropriate technique to reproduce the course of the conoid portion of the CC ligament. The technique was first introduced by Struhl. He had performed only a small incision with minimal soft tissue dissection. The strength and stiffness of the device exceeded the native ligament complex by approximately 40%.[@b12-tcrm-12-047] The deforming forces are distributed on the surface of the double endobutton plates, thereby reducing the effect on the suture material and minimizing the chance of soft tissue reaction to the suture material. The modified device added a second endobutton to create a knotless fixation. The objective was to prevent complications, especially shoulder pain by minimizing recurrent displacement and joint irritation, and to avoid soft tissue reactions and traumatic arthritis.[@b19-tcrm-12-047],[@b21-tcrm-12-047] Because of the biocompatibility of the device, there is no need to remove the device in a second surgery, which can avoid potential injuries.[@b22-tcrm-12-047]

This study demonstrated the open technique and exhibited advantages of few complications such as permanent pain and acromial osteolysis. During the surgery, attention should be paid to the diameter and location of the hole during drilling. Minor diameter and accurate location are of paramount importance. To achieve better stability, the distance of the insertion site of the clavicle and acromion should be approximate to the anatomical position of 5.2 mm (women) and 7.6 mm (men).[@b23-tcrm-12-047] Future studies are warranted to explore the long-term therapeutic results of this technique.

Actually, the other factors could also affect the clinical outcomes, such as rehab. The limitation of this work is that it only investigated the single-factor-dependent clinical outcomes. Therefore, in the following studies, we would also explore the effects of rehab on the clinical outcomes.

Conclusion
==========

This described technique shows better short-term results than the hook plate method and can be used effectively in the treatment of Rockwood type III AC dislocation.
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###### 

Baseline characteristics of patients

  ---------------------------------------------------------------------------------------
                                                    Group A\     Group B\     *P*-value
                                                    (n=23)       (n=23)       
  ------------------------------------------------- ------------ ------------ -----------
  Sex (men/women)                                   14/9         16/7         0.76

  Age (years), mean (SD)                            33.4 (3.3)   34.3 (3.3)   0.40

  Time from injury to operation (days), mean (SD)   3.4 (0.7)    3.5 (0.7)    0.69

  Injury side (n), (right/left)                     11/12        9/14         0.35
  ---------------------------------------------------------------------------------------

###### 

Evaluation results of patients at the last follow-up according to the Constant--Murley score (n \[%\])

                    Group A            Group B            *P*-value
  ----------------- ------------------ ------------------ -----------
  Pain              15.0 (5.0, 15.0)   10.0 (5.0, 15.0)   0.002
  Activities        18.4±2.1           19.6±0.8           0.02
  Range of motion   33.0±3.5           37.0±2.0           \<0.001
  Strength          16.5±3.2           18.9±2.1           0.004
  Total             80.4±11.5          90.3±5.4           0.001

**Note:** Data presented as constant scores: either as mean ± SD or median (quartiles).
